Volatility in financial markets, particularly stock exchange markets, is an important issue that concerns theorists and practitioners. Over the past 30 years, there has been a vast literature for modeling the temporal dependencies in volatility of financial markets. Also, more recently researches have been examining the asymmetry and non-linear properties in variance of financial assets, rather than the conditional mean. In this study, a comprehensive empirical analysis of the mean return and conditional variance of Turkish Financial Markets is performed by using various GARCH models. CGARCH and TGARCH appear to be superior for modeling the volatility of financial instruments in Turkey during the years 2002-2014. It is also found that return series of all markets include; leptokurtosis, asymmetry, volatility clustering, and long memory.
Introduction
Forecasting and modeling volatility is an important issue of research in financial markets. Much empirical work has been done in improving volatility models, since better forecasts translate into better pricing of financial assets and better risk management. On the other hand, stock market volatility has been intensively studied in the last three decades with a great deal of empirical work being done.
Volatility clustering (Note 1) and leptokurtosis are common observation in financial time series (Mandelbrot, 1963) . It is well known that financial returns have non-normal distribution which tends to have fat-tailed. Mandelbrot (1963) strongly rejected normal distribution for data of asset returns, conjecturing that financial return processes behave like non-Gaussian stable processes (commonly referred to as "Stable Paretian" distributions).
Another phenomenon often encountered is the leverage effect. Black (1976) first noted that, changes in stock returns usually display a tendency to be negatively correlated with the changes in returns volatility i.e., volatility tends to rise in response to "bad news" and to fall in response to "good news". This phenomenon is termed the "leverage effect" and can only be partially interpreted by fixed costs such as financial and operating leverage (Note 2). The asymmetry present in the volatility of stock returns is too large to be fully explained by leverage effect.
Financial time series are often available at a higher frequency than the other time series (e.g., macroeconomic) and many high-frequency financial time series have been shown to exhibit the property of 'long-memory' (Note 3) (Harris & Sollis, 2003) . The long range dependence or the long memory implies that the present information has a persistent impact on future counts. Note that the long memory property is related to the sampling frequency of a time series. stock returns is explained through examining the behaviors of the conditioning information variables in relation to the ARCH effects. After Engle (1982) and Bollerslev (1986) , ARCH models have been widely employed in the analyses of financial markets. The effects of heteroscedasticity have been evidenced especially for high-frequency returns, whose distributions are heavy-peaked and tailed.
Efficient market hypothesis stand for that nobody can take caution to his investments by using past price of assets. However, it is known that there is no market accepted as strongly efficient. Accordingly, until the markets satisfy efficient market conditions, researches show that volatilities and past price of assets may deliver signals for future behavior of asset value. It is accepted that, empirical time series has the characteristics mentioned above (Miron & Tudor, 2010; Peters, 2001 ).
Moreover, increase in volatilities of assets is thought as increase in risk which may produces financial crises. Thus, volatility is very noteworthy financial instrument for investing decisions. Investors take care on volatility not only for spot price of asset but also for derivative valuations, hedging strategies and portfolio allocation. Policy makers also interested in volatility because of tendency to conserving the stability of financial markets.
The aim of this study is whether volatility of Turkish financial instruments can be modeled by asymmetric GARCH approaches and which GARCH process is appropriate for modeling the volatility of Turkish financial markets.
The paper is organized as follows: In section 2, literature review and GARCH Models are studied. In section 3, stages of modeling Turkish financial instruments by using GARCH process and empirical results are given. In section 4, concluding remarks is presented.
GARCH Type Models and Literature Review

GARCH Models
During last three decades, lots of articles have been studied for modeling conditional volatility especially for financial markets. Engle (1982) offered modeling conditional variance with ARCH processes which is a linear function of lagged squared residuals. The general model of ARCH(q) process is as follows (Engle, 1982) :
where, α 0 is mean, σ 2 t is conditional volatility and ε t is white noise representing the residuals of the time series. Bollerslev (1986) introduced GARCH model, which has lagged squared residuals and lagged variances. The general model of GARCH(p,q) process is as follows (Bollerslev, 1986) :
where i = 0, 1, 2, …, p, σ 2 t is conditional volatility, ε t residuals and σ 2 t-j is lagged conditional volatility that is the difference of GARCH from the ARCH. Then, α i and ε 2 t-j are known as ARCH components, β j and σ 2 t-j are known as GARCH components and α 0 , α i and β i are positive. GARCH models indicates that, volatility of asset returns exhibit volatility clustering which is seen from lagged variance terms.
These models can capture the volatility when their distribution is symmetric. Classical ARCH and GARCH model works for assumption that all of the shock effects on volatility have symmetric distribution. However, series of asset return are usually have skewed distribution which force to use asymmetric GARCH models. GARCH models can be used in option markets to forecast volatility for securities and the volatility is vital factor for formation of option prices. Moreover, Fernandez and Arago (2003) conclude volatility transmission mechanism across European stock markets as asymmetric.
Asymmetric GARCH models can be listed as Exponential GARCH (EGARCH) model by Nelson (1991) , GJR model by Glosten et al. (1993) , Threshold GARCH (TGARCH) model by Zakoian (1994) , Asymmetric Power GARCH (APGARCH or PGARCH) model by Ding et al. (1993) , Quadratic GARCH (QGARCH) model, Conditional AutoRegresive Range (CARR), Dynamic Asymmetric (DAGARCH) by Caporin and McAleer (2006) , Integrated GARCH (IGARCH), Component GARCH (CGARCH), Fractional Integrated GARCH (FIGARCH), Volatility Switching ARCH (VS-ARCH) so on. Nelson (1991) introduced one of the well-known asymmetric GARCH model as EGARCH by working up Exponential ARCH. EGARCH can be expressed as follows (Yalama & Sevil, 2008; Dallah, 2011) .
The presence of leverage effect can be tested by hypotheses of γ i < 0. The impact is asymmetric if γ i ≠ 0 and no leverage effect exists if γ i = 0.
GJR model for GARCH is modeled by Golesten et al. (1993) as follows (Lee, 2009 
When ε t-j is positive, the total effects on conditional variance are given by α i ε 2 t-j ; when ε t-j is negative, the total effects on conditional variance are given by (α i + γ i )ε 2 t-j . TGARCH is similar to GRJ in using dummy variables but using standard deviations instead of variance. TGARCH is modeled by Zakoian (1994) as below:
This first power of variance shows that TARCH model deals with conditional standard deviations. GJR and TGARCH model indicates that, there is leverage effects which is represented by I term can be accepted in variance determination. Both for GJR and TGARCH models as for EGARCH, ε t-j < 0 (good news) and ε t-j > 0 (bad news) have different effects on conditional variance.
APGARCH is modeled by Ding et al. (1993) as follows:
where
APARCH model is an key model and it can be adapted to seven other ARCH models, which are ARCH (when δ = 2, γ i = 0 and β j = 0), GARCH (when δ = 2 and γ i = 0), Taylor Schwert's GARCH (when δ = 1 and γ i = 0), GJR (when δ = 2), TARCH (when δ = 1), NARCH (when γ i = 0 and β j = 0), Log-ARCH (when δ → 0) (Peters, 2001) .
CGARCH is modeled by Engle and Lee (1993) for decompose variance into a temporary or a permanent component. CGARCH can be expressed as follows (Chena & Shen, 2004, p. 205; Ane, 2006,p. 441; Grier & Perry, 1998) ;
Where, as α and β terms stands for short run memory, q t especially ρ term stands for long memory where 0< α+β < ρ ≤ 1 and 0< φ <β <1.
Asymmetric CGARCH can be expressed as follows;
Financial Markets Volatility Forecasting Performance of GARCH Models
Santis and Imrohoroglu (1997) investigated stock markets, totally 18 countries which are located three different geographical regions with benchmark 4 markets. They found that volatility level and conditional probability of large price changes are higher in emerging markets than mature ones. Wang and Yang (2009) , found asymmetric volatility in the exchange rates of Australian Dollar, British Pound and Japan Yen all against US Dollar and found no clear economic reasons for asymmetric volatility but base-currency effect and central bank intervention effect. Thus, markets should be considered according to their feature for modeling of their volatility. Lee (2009) , examined the ability of symmetric and asymmetric GARCH models for forecasting weekly Korean Stock Price Index return. The out of sample forecasting ability tests indicate that no single model is clearly outperforming to each other and even asymmetric GARCH models namely GJR and QGARCH have not get significant difference from symmetric GARCH model. Hien (2008) also did not find statistically significant asymmetric parameters for TARCH (1,1) and EGARCH (1,1) on Vietnam Stock Market. Moreover, Angabini, and Wasiuzzaman (2011) determined the symmetric GARCH model has outperformed to two asymmetric GARCH models (EGARCH and GRJ) despite the presence of asymmetric and leverage effect on Malaysian
International Journal of Economics and Finance Vol. 6, No. 4; Stock Market with respect to the global financial crisis of 2007/2008. These two asymmetric GARCH models produced the same results.
On the other hand, Miron and Tudor (2010) used U.S. and Romanian daily stock return data and found that EGARCH model exhibits generally lower forecast errors and more accurate than the estimates given by the other asymmetric GARCH models such as TGARCH and PGARCH. EGARCH model with student-t distribution out perform better than the classic GARCH model on application to Chinese Stock Market Indices (Su, 2010) . Yalama and Sevil (2008) studied 7 different GARCH models to forecast in sample of daily stock market volatility in 10 different countries. According to results, GARCH models have different performance country to country and with respect to average performance in order EGARCH, PARCH, TARCH, IGARCH, GARCH, GARCH-M are the better models. Awartani and Corradi (2005) used S&P-500 Index to examine the out of sample predictive ability of 10 different GARCH models for six different prediction horizons. Results show that, there is a clear evidence that asymmetric GARCH models play a crucial role in volatility predictions and the RiskMetrics exponential smoothing model seems to be the model with the lowest predictive ability. Kovacic (2008) found the forecasting performance of asymmetric GJR and TGARCH models is better than symmetric GARCH models according to the in-sample statistics and out-of-sample forecasts on application to Macedonian Stock Index.
Sandoval (2006), gets daily exchange rate series of 7 countries in Asia and Latin America for analyzing symmetric and asymmetric GARCH models. Results show that, emerging market exchange rates did not show a statistically significant better forecast among symmetric (GARCH) and asymmetric (GJR and EGARCH) GARCH models. Balaban (2004) get US Dollar-Deutsche Mark exchange rates for employing symmetric and asymmetric error statistics to evaluate the monthly out-of-sample forecasting accuracy of symmetric ARCH -GARCH models and asymmetric EGARCH-GRJ models. Results show that, classic symmetric GARCH provides relatively good forecasts of whereas the asymmetric GJR-GARCH model seems to be a poor alternative. However, Dallah (2011) investigated the volatility of Nigerian Currency Naira against four major developed World currencies. Comparisons of out of sample volatility forecasting show that an TGARCH model which is an asymmetric GARCH model outperform to its competitors in case of US Dollar and the Japanese Yen while the GARCH model is suitable for the British Pound and no clear cut winner for Euro.
CGARCH assumes that, the volatility consists of two components. One of them is the long-run volatility component whose shocks are highly persistent and the other one is the short-run volatility component whose shocks are less persistent (Watanabe & Harada, 2006) . Watanabe and Harada (2006) investigated effect of Bank of Japan intervention on the Yen / US Dollar exchange rate volatility using data from 1991 to 2003. According to the study, the GARCH and the CGARCH models led to similar results for the effect of intervention on the level of the yen/dollar exchange rate. This model can be used for decompose inflation uncertainty into a temporary or a permanent component and whether past inflation affect long-run uncertainty. For this purpose, Kontonikas (2004) has taken seasonally adjusted logarithmic difference of consumer price index of UK for inflation data monthly and quarterly from 1972 to 2002. Results of study showed that, the post-targeting period UK inflation is substantially less persistent and less variable. Study also showed that a direct negative impact from inflation targeting on long-run uncertainty can be identified. Chen and Shen (2004) have taken daily Twain Exchange rate from 1988 to 2003. They stated that the influence of the jumps was short-lived and only had a temporary effect on the exchange rate volatility except 1997 Asian crisis which has permanent effect on Taiwan's exchange rate according to CGARCH-Jump model. CGARCH-Jump model was preferred for identifying 172 jump dates among the data set, besides time-varying conditional volatility. Kang et al. (2009) studied three crude oil spot daily closing prices over the period from January 6, 1992 to December 29, 2006 and the last one year's data are used to evaluate out-of-sample volatility forecasts. According to results a volatility persistence or long memory stated in the three crude oil prices with using conditional volatility models. Namely, the CGARCH and FIGARCH models which contain long memory are better equipped to capture persistence than are the GARCH and IGARCH models. Ane (2004) 
Volatility of Financial Markets in Turkey
Turkey has developing market and not stable, so experience volatilities more severe. Leverage effect is perceived and decreases are harsher (Mazıbaş, 2011) , volatility shocks persist longer for last years (Çağıl & Okur, 2010) in Istanbul Stock Exchange (ISE-BIST). Yalama and Sevil (2008) determined orderly EGARCH, PARCH, TARCH, CGARCH, GARCH, IGARCH and GARCH-M from best forecasting model to worst one for ISE-100 Index volatility.
Gökçe (2001) has studied ARCH-class models to estimate the appropriate model for forecasting volatility in BIST. In his study, which covers a period from January 2, 1989 to December 31, 1997 with 2245 daily observation, he found that the best fitting model for making forecast and modelling on BIST 100-Index is GARCH (1,1) . Besides, a strong and positive relationship between daily trading volume and daily rate of return has been found in the study.
Aydın (2003) has analyzed the volatility behavior of the Istanbul Stock-Exchange 30-Index (Note 5), which includes 30 leading Turkish companies. In Aydın's study, it is observed that there are non-normality, volatility clusters, negative skewness, large kurtosis, and autocorrelation in the financial time series data. Therefore, he has applied EWMA and Generalized ARCH models on modelling the index volatility. His study has put forward that the best fitting model is GARCH(1,1) and only one-day effect has been observed both for EWMA and GARCH models.
Akgün and Sayyan (2005) have examined the asymmetric response of stock returns in BIST-30 (Note 6) to news by using Asymmetric Conditional Heteroskedasticity models (EGARCH, GJR, APARCH, FIEGARCH, FIAPARCH) for the period January 4, 2000 to April 25, 2005. Their findings show that forecasting volatility in ISE-30 stock returns with Asymmetric Conditional Heteroskedasticity models especially APARCH and FIAPARCH models provides the most accurate volatility forecasts. Authors also claimed that using student-t or skewed student-t distribution instead of normal distribution is more appropriate in modelling and forecasting of financial data with negative skewness and large kurtosis.
Asymmetric conditional volatility models are found more appropriate for US Dollar to Turkish Lira exchange rate (Kıran, 2011) . Öztürk (2010) determined TGARCH model for best suitable volatility model for US Dollar to Turkish Lira exchange rate.
Empirical Application
Data
The main summary statistics of daily return series of BIST-100 Index data (Note 7), interest rate and foreign exchange rate basket (Note 8) are presented in Table 1 . These data is taken from CBRT (2014). Our sample data covers the period which starts with the beginning of trading Euro (02/01/2002) and ends 04/02/2014 with 3027 observation of trading days. In all return series, skewnesses and excess kurtoses are clearly observed, leading to a high valued Jarque and Bera tests which indicate non-normality of the distribution. The sample kurtoses are greater than three, meaning that return distributions have excess kurtosis since all return series are leptokurtic and excess skewnesses are also (Figure 1 to 3) , it can be observed that all the return series' volatilities change with time and also exhibits positive serial correlation or "volatility clustering". It is also perceived that large changes tend to be followed by large changes and small changes tend to be followed by small changes, which mean volatility clustering is observed in financial returns data. The persisting of volatility clustering rejects the random walk hypothesis. Besides, the volatility clusters of return series may be the exhibit of a long-memory process.
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International Journal of Economics and Finance Vol. 6, No. 4; Augmented Dickey Fuller (ADF) unit root test has been applied to check whether the series are stationary or not. Stationary condition of series has been tested by using ADF (Dickey & Fuller, 1981; Gujarati, 2003; Enders, 1995) .
Y t represents time series to be tested, b 0 is the intercept term, β is the coefficient of interest in the unit root test, µ i is the parameter of the augmented lagged first difference of Y t to represent the pth-order autoregressive process, and e t is the white noise error term. Table 2 shows the result of ADF unit root tests on the original series as well as the MacKinnon critical values for rejection of the hypothesis of the existence of a unit root at the 1% level of significance. Since the ADF test statistics are larger in absolute values than the critical values, we reject the hypothesis of non-stationarity. Therefore, it can be concluded that stock returns as well as exchange rates and interest rates are both found stationary at their level form.
Determining the Mean Equations
Since the series are found to be stationary, our next objective is to determine if the returns of return series can be forecasted by its own past values. ARMA (0,0) model is found the best fitting model for forecasting the exchange rate and stock returns as well. On the other hand, ARMA (2,0) is best suited model for forecasting interest rate returns. 
GARCH Models
After estimating the correct ARMA model, ARCH-LM test was applied to see whether any conditional heteroscedasticity (ARCH effect) exists within the models. In order to test whether BIST-100 Index, interest rate and exchange rate return series are remaining ARCH effects in the residuals a Lagrange Multiplier test (Engle, 1982 ) is applied to all data set. Results of the Lagrange Multiplier (LM) test for ARCH disturbances indicated significant evidence of ARCH effects for all data set. The ARCH(1), GARCH (1,1), TARCH(1,1), GARCH-M(1,1), E-GARCH(1,1), PARCH(1,1), CGARCH(1,1) and AGARCH(1,1) models are estimated for the series of stock market, interest rates and exchange rate returns respectively to choose the best fitting volatility for forecasting the conditional volatility of the return series. Finally, in order to test whether there are any remaining ARCH effects in the residuals is calculated by regressing the squared residuals on a constant and p lags. The correct number of lags in the model have been selected using AIC and SIC information criterion. The results show that there is no persisting of ARCH effect in the residuals except EGARCH(1,1) model for BIST and TARCH(1,1), EGARCH(1,1) and PARCH(1,1) model for Interest rate at 5% significant level. We used 5%, which is the standard level of significance, to justify a claim of statistically significant effect at all tests.
Overall, using the minimum SIC, maximum likelihood (ML) values as model selection criteria are performed. According to the results given in Table 5 -6-7, CGARCH model seems to be the best model to forecast volatility of both interest rate and exchange rate markets. While TARCH model can be used in order to forecast volatility of BIST-100 Index. Although SIC value of BIST's EGARCH (1,1) model is the smallest, the model still shows ARCH effect. So that the second smallest SIC value model was preferred as the best fitting model for forecasting the volatility of BIST.
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International Journal of Economics and Finance Vol. 6, No. 4; The ARCH parameter (α), and GARCH parameter (β) are positive and significant in all eight models, indicating the presence of ARCH and GARCH effects in the returns of stocks, interest rates and exchange rates.
The significant parameter for the asymmetric volatility response in EGARCH models (γ) is negative for interest rate and BIST but positive for exchange rate. The negative γ parameter in EGARCH models indicating an asymmetric response for positive returns in the conditional variance equation. Also the positive (γ) value in TGARCH (1,1) model of BIST shows the presence of leverage effect in stock market. Positive and significant γ in TARCH models shows us that leverage effect exists and bad news increases volatility.
As it is seen in C-Garch Models, transitory (short-run) volatility (β) is much lower for interest rate than for BIST and exchange rate. On the other hand, the difference between transitory volatility for the three financial indices is implying faster decay and convergence to long-run volatility for all indices. ρ values in the CGARCH models are quite bigger indicating that indices have persisting volatility and q t approaches ε very slowly.
Conculusion
This study applies symmetric and several asymmetric volatility models as a metric for the specification of conditional volatility of stock market, exchange rate and interest rate returns for the first time in Turkish financial markets for 2002 to 2014.
One of the main results of this paper is to point out that all GARCH family models show evidence of asymmetric effects in each market data. The estimated β (GARCH) coefficients are quite bigger than 0.7 means that old news has a quite persistent effect on volatility.
Besides, for TARCH, EGARCH, PARCH and AGARCH models of stock returns, the sum of the coefficients α and β is less than one, implying that, although it takes a long time, the volatility process does return to its mean. For, interest and exchange rate markets this sum is bigger than one shows asymmetric GARCH models are more suitable in modeling the volatility.
The γ values of best fitting model for BIST (TARCH(1,1)) is positive and significant which also shows us that leverage effect exists, bad news increases volatility. On the other hand, asymmetric coefficients of the best model of exchange interest rate are statistically significant but sign of coefficient is negative shows asymmetric response for positive returns in the conditional variance equation.
BIST and Interest rate returns are affected more by the last period's forecast variance than the foreign exchange markets return, because their β values (The GARCH term) are bigger than the exchange rates' β values.
It can be explained as interest rate market is more stable than the other markets.
We have exhibited that using asymmetric GARCH models when estimating and forecasting financial time series with high frequency can improve the results of the models. Because findings of the study showed that asymmetric GARCH models performed better in forecasting the volatility of financial assets than the classic model.
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International Journal of Economics and Finance Vol. 6, No. 4; Since conditional volatility is more persistent for all indices then modeling of prediction of volatility by CGARCH or other models that takes long memory into consideration is relatively more important for the valuations of financial assets.
